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I TITLE OF THE INVENTION 1 , 
Semiconductor Integrated Circuit Device and the Process of^ 


/O **>\ the Same 


jftooou 


^BACKGROUND OF THE INVENTION} 

jThisjj^ invention isjjin relation\ to a semiconductor 
integrated circuit device and * the method of its 
f abricationj?^ and^a technology that is ^particularly] 
effective for application to semiconductor integrated 
circuit devices with low levels of current consumption. such 
as^SRAM (static random access memory) . 


[0002] 

A 1 ^ SRAM with memory cells composed of six MISFETs is"^4ised 


-70 

in ^ cache memory for personal computers or workstations .^3 O 


^ C3 


[0003] r . — 

(That is, il]j v is composed of a flip-flop circuit that^ 

stores one bit of data and of two MISFETs (metal insulator 

semiconductor field effect transistors) for the transfer of 

data. The flip-flop circuit is configured (of), for example,^ 

J A 

a pair of driver MISFETs and a pair of load MISFETs. 


[0004] 

In these MISFETs, a silicide layer is formed on the 
source/drain regions to decrease the resistance of the 
source/drain region and to decrease the contact resistance 
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between the source/drain and a plug that is subsequently to 
be formed on the source/drain region. At the same time, in 
these MISFETs, a silicide layer is also formed on the gate 
electrode to decrease the resistance of the gate electrode 
(gate wiring) . 


[0005] 

This silicide layer is formed by. depositing a metal 
layer on the source/drain regions and on the gate electrode 
and then causing silicidation in the part where the 
source/drain regions (silicon substrate) and the metal 
layer come into contact and in the part where the gate 
electrode (silicon layer) and the metal layer come into 
contact . 

[0006] 

At this time, a technique (o fetching out the natural 
oxide on the source/drain regions (silicon substrate) and 
the gate electrode (silicon layer) prior to deposition of 
the metal is ^adopted] to avoid the agglomeration of 
silicide. As intended, this keeps the silicide 's sheet 
resistance low. 

[0007] 

For example, (entered irn the Hei. 9-320987 issue of the 
Patent Laid-Open Official Gazette (Is^a technique in which 
approximately 3 run to 5 nm is etched away from the surface 
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offcsilicon substrate jl^ and then^metal film[21)is 
deposited and thermally processed to form a silicide layer. 

[0008] 

In addition, [entered in} the Hei. 7-161660 issue of the 
Patent Laid-Open Official Gazette [Is)ja technique in which^ 
natural oxide film [5) is removed from the surface of both^ 
silicon substrate [l) and gate polycrystalline silicon ^! by 
sputter etching using ions of an inert gas, and/ Ti film (6^ 
is deposited to form Ti silicide film [7) through thermal 
processing. 

[summary of the invention^ 

[0009] 

However, with the miniaturization that accompanies 
(heightening ofjjthe degree of integration of memory cells, 
gate widths decrease and the junction depths of 
source/drain regions become shallower. 

[0010] 

In addition, realization of lower power consumption is 
required in the semiconductor integrated circuit devices ^M^f 
used in such mobile products as cellular phones and 
notebook-sized personal computers^ because these 
semiconductor integrated circuit devices are driven by 
batteries . 


[0011] 


Accordingly, a^ simple application of the conventional 
technology (formsj^a deep layer of silicide on the 
source/drain regions^ which increases the leakage current 
between the source/drain regions and the semiconductor's 
substrate. A detailed explanation /will be given later. 


[0012] 

As a result, the current when standing by (standby 

current) exceeds a critical value and this reduces the 
Ax 

yield of (. products . In addition, even when the standby 

<\ 

current is less than (Ehe)/critical value, the time over 
which it is possible to use a battery-driven mobile product 
is shortened by the inclusion of a semiconductor integrated 
circuit device that has a large standby current. 

[0013] 

The object$$£ of this invention is to provide a 
technique for reducing the standby current by preventing 
current leakage in a semiconductor integrated circuit 
device^ such as the memory cell of an SRAM. 

[0014] 

Another object$$Sf of this invention is to provide a 
technique to decrease the consumption of current by the 
memory cells of an SRAM. 

[0015] 
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The above-described object|g|£ and new characteristics 
wiljj^be clarified by the description fof)^this specification 
and j attached drawings. 

[0016] 

An outline of an item that typifies the invention 
disclosed in this application is briefly given in the 
following explanation. 

[0017] 

(1) This invention's method of fabricating a semiconductor 
integrated circuit device that has a standby current of 5 
\IA or below in tests of operation at 90°C and has MISFETs 
formed on the main surface of a semiconductor substrate 
includes the steps of: (a) forming a gate-insulating film 
on said semiconductor substrate; (b) forming a gate 
electrode by patterning the silicon film deposited on said 
gate-insulating film; (c) forming the source/drain regions 
on both sides of said gate electrode by injecting 
impurities into the semiconductor substrate; (d) sputter- 
etching away the top of said source/drain regions to 2.5 run 
or less below the surface of the regions; (e) then, under 
near-vacuum conditions and in the same apparatus in which 
said sputter etching was carried out, forming a metal film 
on said source/drain regions; (f) forming a metallic 
silicide layer where said source/drain regions are in 
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contact with said metal film; and (g) removing that part of 
said metal film which did not react in step (f ) . 

[0018] 

(2) This invention's method of fabricating a semiconductor 
integrated circuit device that has a standby current of 1.5 
flA or below under operational conditions and has MISFETs 
formed on the main surface of a semiconductor substrate 
includes the steps of: (a) forming a gate-insulating film 
on said semiconductor substrate; (b) forming a gate 
electrode by patterning the silicon film deposited on said 
gate insulating film; (c) forming the source/drain regions 
on both sides of said gate electrode by injecting 
impurities into the semiconductor substrate; (d) sputter- 
etching away the top of said source/drain regions to 2.5 nm 
or less below the surface of the regions; (e) then, under 
near-vacuum conditions and in the same apparatus in which 
said sputter etching was carried out, forming a metal film 
on said source/drain regions; (f) forming a metallic 
silicide layer where said source/drain regions are in 
contact with said metal film; and (g) removing that part of 
said metal film which did not react in step (f ) . 

[0019] 

(3) This invention's method of fabricating a semiconductor 
integrated circuit device that is battery-driven and has 
MISFETs formed on the main surface of a semiconductor 
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substrate includes the steps of: (a) forming a gate 
insulating film on said semiconductor substrate; (b) 
forming a gate electrode by patterning the silicon film 
deposited on said gate insulating film; (c) forming the 
source/drain regions on both sides of said gate electrode 
by injecting impurities into the semiconductor substrate; 

(d) sputter-etching away the top of said source/drain 
regions to 2.5 nm or less below the surface of the regions; 

(e) then, under near- vacuum conditions and in the same 
apparatus in which said sputter etching was carried out, 
forming a metal film on said source/drain regions; (f) 
forming a metallic silicide layer where said source/drain 
regions are in contact with said metal film; and (g) 
removing that part of said metal film which did not react 
in step (f ) . 

[0020] 

(4) A method of fabricating a semiconductor integrated 
circuit device that has MISFETs formed on the main surface 
of a semiconductor substrate, includes the steps of: (a) 
forming a gate- insulating film on said semiconductor 
substrate; (b) forming a gate electrode with a width of 
0.18 Jim or less by patterning the silicon film deposited on 
said gate insulating film; (c) forming the source/drain 
regions on both sides of said gate electrode by injecting 
impurities into the semiconductor substrate, (d) sputter- 
etching away the top of said source/drain regions to 2.5 nm 
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or less below the surface of the regions; (e) then, under 
near-vacuum conditions and in the same apparatus in which 
said sputter etching was carried out, forming a metal film 
on said source/drain regions; (f) forming a metallic 
silicide layer with a thickness of 20 to 40 nm where said 
source/drain regions are in contact with said metallic 
film; and (g) removing said metal film which did not react 
in step (f ) . 

[0021] 

(5) A method of fabricating a semiconductor integrated 
circuit device having MISFETs formed on the main surface of 
a semiconductor substrate, includes the steps of: (a) 
forming a gate insulating film on said semiconductor 
substrate; (b) forming a gate electrode with a width of 
0.18 |im or below by patterning the silicon film deposited 
on said gate insulating film; (c) forming the source/drain 
regions on both sides of said gate electrode by injecting 
impurities into the semiconductor substrate, (d) sputter- 
etching away the top of said source/drain regions to 2.5 nm 
or less below the surface of the regions; (e) then, under 
near- vacuum conditions and in the same apparatus in which 
said sputter etching was carried out, forming a metal film 
on said source/drain regions; (f) forming a metallic 
silicide layer with^ sheet resistance of Sfi/D to 12H/[ZI, 
where said source/drain regions are in contact with said 
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metal film; and (g) removing said metal film which did not 
react in step (f ) . 

[0022] 

Since a depth of '2.5 nm or less is sputter-etched away 
from the surface of said source/drain regions prior to the 
formation of the film of metallic silicide [iaye^, this 
method is able to form a semiconductor integrated circuit 
device with a low leakage current. 

[0023] 

In addition, forming a metallic silicide film on the 
gate electrode after sputter-etching away its surface to a 
depth of 2.5 nm or less can prevent disconnection of the 
metallic silicide on the gate electrode. 


| BRIEF DESCRIPTION OF THE DRAWINGS Jf 

Figure 1 is an equivalent circuit diagram of a memory 
cell of an SRAM, which [I^one embodiment of this invention. 


Figure 2 is a cross-sectional view through the key 
parts of a semiconductor substrate showingy^the method of 
fabricating a semiconductor integrated circuit device, 
(which isjjone embodiment of this invention. 


Figure 3 is a cross-sectional view through the key 
parts of a semiconductor substrate showing^ the method of 
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fabricating a semiconductor integrated circuit device, 
[which isjjone embodiment of this invention. 


Figure 4 is a cross-sectional view through the key 
parts of a semiconductor substrate showing^ the method of 
fabricating a semiconductor integrated circuit device, 
(which is)|pne embodiment of this invention. 


Figure 5 is a cross-sectional view through the key 
parts of a semiconductor substrate showing y^the method of 
fabricating a semiconductor integrated circuit device, 
(which isjjone embodiment of this invention. 


Figure 6 is a cross-sectional view through the key 
parts of a semiconductor substrate showing^the method of 
fabricating a semiconductor integrated circuit device, 
(which is\^one embodiment of this invention. 


Figure 7 is a cross-sectional view through the key 
parts of a semiconductor substrate showing^ the method of 


fabricating a semiconductor integrated circuit device, 
[which isjpne embodiment of this invention. 


Figure 8 is a cross-sectional view through the key 
parts of a semiconductor substrate showing^ the method of 


fabricating a semiconductor integrated circuit device, 
(which isljjone embodiment of this invention. 
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Figure 9 is a (drawing! j that shows the relationship 
between the amount of sputter etching and yield. 

Figure 10 is a {drawingjjthat shows the relationship 
between the standby current and number of chips when the 
amount of sputter etching is 0. 


A 


Figure 11 is a (drawing]; that shows the relationship 
between the standby current and number of chips when the 
amount of sputter etching is 1 nm. 

Figure 12 is a (drawing*/ that shows the relationship 
between the standby current and number of chips when the 
amount of sputter etching is 2.5 nm. 

Figure 13 is a Brawing^that shows the relationship 
between the standby current and number of chips when the 
amount of sputter etching is 3 nm. 

Figure 14 is aygrawingN used to describe the advantages 
of this invention. 

Figure .15 is a/^|rawingj used to describe the advantages 
of this invention. 

Figure 16 is a (drawingjjused to describe the advantages 
of this invention. 
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Figure 17 is a^fdrawing used to describe the advantages^ 
[of this invention}. 

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT] 
[0024] 

This invention (Is); described in detail [below] on the 
basis of an embodiment shown in accompanying drawings. 
Identical numerical references that /describeX^the embodiment 
in the figures refer to the same items and the descriptions 
of these items are not repeated. 

[0025] 

Figure 1 is an equivalent circuit diagram showing the 

memory cell for^SRAM that G_s\ this embodiment. As is shown, 

A 

this memory cell MC is placed (In)/,the intersection of a pair 
of complementary data lines (data lines DL and /DL) and A 
word line WL, and^is composed of a pair of driver MISFETs 
Qdl and Qd2 , a pair of load MISFETs Qpl and Qp2 , and a pair 
of transfer MISFETs Qtl and Qt2 . Driver MISFETs Qdl and 
Qd2^^d^transfer MISFETs Qtl and Qt2 are n-channel MISFETs 
(and^load MISFETs Qpl and Qp2 are p-channel MISFETs. 


[0026] 

Of said six MISFETs that (conf igure} memory cell MC, 

W~ ° 

driver MISFET Qdl^nd load MISFET Qpl [conf igure^CMOS 
inverter INV1 (an^driver MISFET Qd2 and load MISFET Qp2 
[conf igure)/ t CMOS inverter INV2 . Shared input/output pins 
(storage nodes A and B) of this pair of CMOS inverters INV1 
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and INV2 are cross-coupled to (configurej^a flip-flop circuit 
as the data storage part for storing one bit of data. In 
addition, one input/output pin (storage node A) of this 
flip-flop circuit is connected to either the source or 
drain region of transfer MISFET Qtl^ and the other 
input /output pin (storage node B) is connected to either 
the source or drain region of transfer MISFET Qt2 . 

[0027] 

Furthermore, the other of the source/drain regions of 

transfer MISFET Qtl is connected to data line DL } and the 

r A 

other of the source/drain regions (for)/ transfer MISFET Qt2 
is connected to data line ./DL . Furthermore, one end of the 
flip-flop circuit (the source regions of load MISFETs Qpl 
and Qp2) is connected to the power-supply voltage (Vcc) and 
the other end (the source regions of driver MISFETs Qdl and 
Qd2) is connected to a reference voltage (Vss) . 

[0028] 

To describe the operation of said circuit, when 
storage node A of CMOS inverter INV1 is at its high level 
of voltage ("H"), driver MISFET Qd2 is switched on, so^S^ 
storage node B of/other CMOS inverter INV2 is switched to 
its low level of voltage ( W L"). Accordingly, driver MISFET 


Qdl is switched off and the high level of voltage ("H") on 
storage node A is retained. That is, the states of , mutual 
storage nodes A and B are retained by a latch circuit in 
which the paired CMOS inverters INV1 and INV2 are cross- 
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linked and the data is retained as long as the power supply 
voltage is applied. 

[0029] 

Word line WL is connected to the gate electrodes of 
both transfer MISFETs Qtl and Qt2 and the ON /OFF signals 
for transfer MISFETs Qtl and Qt2 are controlled by this 
word line WL. That is, when word line WL is set to its 
high level of voltage < W H"), transfer MISFETs Qtl and Qt2 
are switched on, soothe flip-flop circuit and complementary 
data lines (data lines DL and /DL) are electrically 
connected. The potential states ( n H" or U L") of storage 
nodes A and B are thus made to appear on data lines DL and 
/DL to be read as data in memory cell MC . 

[0030] 

To write data to memory cell MC, the data on data 
lines DL and /DL is transmitted to storage nodes A and Bj 
while word line WL is set to "H" potential level and 
transfer MISFETs Qtl and Qt2 are kept on. 


Aji-tAsdi /fen 

Next, figures 2 to 8 will bejfusedj in describing the 
method of fabricating this embodiment in the form of/ SRAM. 


[0032] 

Of the six MISFETs (Qtl # Qt2 , Qdl, Qd2, Qpl , and Qp2 ) 
that configure memory cell MC, the n-channel MISFETs {Qtl, 
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Qdl, Qt2, and Qd2 ) are formed in^p-type well [3] and the p- 
channel MISFETs (Qpl and Qp2) are formed in^n-type well 

[0033] 

An isolating element is used to divide a p-type well 
from an n-type well or to isolate elements within either 
well area,. This isolating element is formed in the 
following way. For example, semiconductor substrate 1, 
made up of p-type single-crystalline silicon having a 
resistivity of approximately 1 to 10 £2cm, is etched to 
form an isolating-element trench with a depth of 
approximately 250 rim. 

[0034] 

Next, a film of silicon dioxide is deposited by CVD 
(chemical vapor deposition) on semiconductor substrate 1, 
including inside the trench, to a thickness of 
approximately 450 to 500 run. The silicon dioxide film in 
the upper part of the trench is polished by CMP (chemical 
mechanical polishing) to flatten its surface. 

[0035] 

Next, p-type impurities (boron) and n-type impurities 
(for example, phosphorous) are ion- implanted and said 
impurities are then diffused by thermal processing at 
approximately 1000°C to form the above described p-type 
well (j3j and n-type well Hereafter, the steps used to 
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form the MISFETs on these well^3 and 4 is] described. 
However, the six MISFETs (Qtl, Qt2 , Qdl, Qd2, Qpl, and Qp2) 
are formed in the same manner, so the description will be 
given with^n-channel MISFET Qdl as a representative 

[0036] 

Firstly, as is shown in Irigure 2, the surface of 
semiconductor substrate 1 (p-type well 3) is wet-cleaned 
using hydrofluoric acid as the cleaning agent and a clean 
gate-oxide film (not illustrated) is then formed with a 
thickness of approximately 3 nm on the surface of p-type 
well 3 by thermal oxidation at approximately 800°C. 

[0037] 

a 

Next,^film of low-resistance polycrystalline silicon 
9a is deposited by CVD to a thickness of approximately 250 
nm on the gate-oxide film. Next, gate electrode G is 
formed by using a film of photoresist (not illustrated) as 
a mask in dry-etching (film] of polycrystalline silicon film 
9a. The width of this gate electrode is approximately 0.18 
Jim. 

[0038] 

Next, n-type impurities (phosphorous) are injected 
into both sides of gate electrode G on p-type well 3 to 
form n"-type semiconductor region 13. The junction depth 
of this n"-type semiconductor region 13 is approximately 50 
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run. Here, the junction depth of n~-type semiconductor 
region 13 refers to the distance from the surface of 
semiconductor substrate 1 to the position where it becomes 
p-type conductive. 

[0039] 

Next, as is shown in Figure 3, silicon dioxide film 16 
is deposited by CVD to a thickness of approximately 100 nm 
on semiconductor substrate 1. This is followed by 
anisotropic etching to form side-wall spacer 16s on the 
side surfaces of gate electrode G (figure 4) . 

[0040] 

Next , as is shown in Figure 5 , n- type impurities 
(phosphorous or arsenic) are ion- implanted into p-type well 
3 to form n + -type semiconductor region 17 (source and 
drain) . The junction depth of this region of n*-type 
semiconductor 17 (source and drain) is approximately 150 
nm. Here, the junction depth of n*-type semiconductor 
region 17 (source and drain) refers to the distance from 
the surface of semiconductor substrate 1 to the position 
where it becomes p-type conductive . 

[0041] 

Next, CoSi 2 layer 19a with a sheet resistance of 5 to 
12 D is formed to a thickness of 20 to 40 nm on the 
exposed part (n*-type semiconductor region 17) of 
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semiconductor substrate 1 and gate electrode G (see Figure 
|p . The surface of - semiconductor substrate 1 is cleaned 
and sputter-etched before, this CoSi, layer 19a is formed. 
This step will be described below iny.detail. 

[0042] 

Firstly, hydrofluoric acid is used as the agent in 
cleaning the surface of semiconductor substrate 1. 
Contamination and the natural oxide film on the surface of 
semiconductor substrate 1 are removed to some extent. 

[0043] 

Next, as is shown in Figure 6, argon sputter etching 
is used to etch a depth of 2 . 5 nm or less away from the 
surface of semiconductor substrate 1. As a result, the 
exposed section of semiconductor substrate 1 (n*-type 
semiconductor region 17) and the top of gate electrode G 
are recessed. Figure 6 is a magnified drawing where an n- 
channel MISFET Qdl is being formed. 

[0044] 

This sputter-etching can remove contamination and 
natural oxide film on the exposed section (n*-type 
semiconductor region 17 and p*-type semiconductor region 
18) of semiconductor substrate 1 and on gate electrode G. 
Here, the given amount of sputter-etching is the equivalent 
value for a film of silicon dioxide. That is, for example, 
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1.5 Jim of sputter etching means that semiconductor 
substrate 1 is etched under the same conditions that would 
etch away 1 . 5 |im of a film of silicon dioxide. To make the 
description^ easily understood, the depth of etching of the 
surface of semiconductor substrate 1 (n*-type semiconductor 
region 17) depicted in fi.gure 6 is somewhat exaggerated. 
Therefore, the ratio of the depth etched away to other 
dimensionsjsuch as the thickness of the gate electrode G^is 
not the real ratio. 

[0045] 

Next, as shown in figure 7, Co film 19 is deposited by 
sputtering. The sputter-etching described above and the 
deposition of this Co film 19 take place as sequential 
processes in a multi -chambered vacuum system. . 
Specifically, sputter etching is carried out in one chamber 
in which the pressure of the remaining gas is 10" 4 to 10" 6 
Pa. The semiconductor substrate if,} is then moved to 
another chamber in which the pressure of the remaining gas 
is 10" 3 Pa or lower, and finally the film of Co is deposited 
under conditions where the pressure of the remaining gas is 
10~ 4 to 10" 6 Pa. Here, the amount etched away from the 
surface of semiconductor substrate 1 is so small that we 
omit its depiction in Figure 7. 

[0046] 
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Next, thermal processing is applied for one minute at 
500 to 550°C. A silicide layer is thus generated, i . e . , 
silicidation occurs where semiconductor substrate 1 (n*- 
semiconductor region 17) and Co film 19 come into contact 
and where gate electrode G and Co film 19 come into 
contact . 

[0047] 

Next, as shown in figure 8, the Co film which did not 
react is removed by etching leaving CoSi 2 layer 19a on 
semiconductor substrate 1 (n + -type semiconductor region 17) 
and gate electrode G. Next, thermal processing at 700 to 
850°C is applied for approximately one minute to decrease 
the resistance ofJCoSi 2 layer 19a. Figure 8 is a magnified 
view of the region where n-channel MISFET Qdl has been 
formed. To make the description^ easily understood, the 
depth of etching of the surface of semiconductor substrate 
1 depicted in figure 8 is somewhat exaggerated. Therefore, 
the ratio of the depth etched away to other dimensions^ such 
as the thickness of the gate electrode Gjis not the real 
ratio . 


[0048] 

According to this embodiment, the depth of 2 . 5 nm or 
less is etched away from the surface of semiconductor 
substrate 1^ and/Co film 19 is then deposited to form/ v CoSi 2 
layer 19a. This can reduce the standby current. 
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[0049] . • 

Figure 9 is a f first set of 'data to indicate the 
relationship between the amount of sputter etching and the 
yield of products. As shown in line (a) of figure 9, a 
yield of approximately 90% can be ensured by any amount of 
sputter etching from among 0, 1, 2, 3 or 4 nm when the 
critical value of the standby current (Isb) is set to 28 \iA 
or less . 

[0050] 

However, when the critical value of the standby 
current (Isb) is set to 5 [lA or below, as shown in line 
(b) , the yield is improved when the amount of sputter 
etching is 1 or 2 nm^as compared with the case where no 
sputter etching is carried out (the amount of sputter 
etching is 0). Nevertheless, when the amount of sputter 
etching is 3 or 4 nm, the yield becomes lower than in the 
case where no sputter etching is carried out (the amount of 
sputter etching is 0) . The yield dropped to approximately 
zero when the amount of sputter etching was 4 nm. 

[0051] 

It becomes clear that a semiconductor integrated 
circuit device for which the amount of sputter etching is 3 
nm or above cannot be adopted for use in products featuring 
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a low consumption of current that have a critical value for 
standby current (Isb) of 5 [lA or less. 

[0052] 

In this embodiment, however, the amount of sputter 
etching is 2.5 run or less, so; a better yield can be ensured 
than in the case where no sputter etching is carried out 
even when the critical value of the standby current (Isb) 
is set to 5 [1A or less. 

[0053] 

Here, the standby current refers to the current^when 
the device is "operating under test conditions at 90°C. The 
standby current in practical use (at normal. temperatures) 
is, however, approximately 1 to 1.5 |LiA. 

[0054] 

a ^4 ^ ext ' (the)|second set of data will be described. This 
[i_s onjfthe relationship between the value of standby current 
Isb (\XA) and the number of good chips when the amount of 
sputter etching is 0, 1, 2, and 3 nm (figures 10 to 13 
respectively) . When no sputter etching is carried out 
(when the amount of sputter etching is 0), there are 197 
chips with standby current flows of 3.5 to 4 jiA. This is 
depicted in figure 10. When the amount of sputter etching 
is 1 nm, there are 496 chips with standby current flows of 
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2.5 to 3 HA. This is depicted in figure 11. when the 
amount of sputter etching is 2 ran, there are 243 chips with 
standby current flows of 3.5 to 4 (JA and next to this are 
236 chips with standby current flows of 3 to 3 . 5 ha. This 
is depicted in Figure 12. when the amount of sputter 
etching is 3 nm, there are 202 good chips with its standby 
current of 4 to 4 . 5 HA. This is depicted in figure 13. 
The greater the amount of sputter etching, the greater the 
number of chips with large flows of standby current that 
appear. 

[0055] 

The smaller the standby current, the better the 
performance of a chip, and this is so even among chips with 
standby current levels that satisfy the 5-UA critical value 
for standby current. Consequently, when the amount of 
sputter etching is set to 2.5 nm or less, more chips with 
lower levels of standby current can be obtained, hence more 
chips with high levels of performance can be obtained. 

[0056] 

As described above, with this embodiment, it is 
possible to reduce the standby current of the semiconductor 
integrated circuit device and to reduce its consumption of 
current. As a result, these semiconductor integrated 
circuit devices are applicable in cellular phones and 
personal computers which are battery-driven (hfy they are 
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able to lengthen the times over which these products are 
used. 

[0057] 

Next, the reasons for this ability to reduce the 
standby current j&r^ described. 

[0058] 

With this invention, the surface of semiconductor 
substrate 1 is etched to a depth of 2.5 nm or less by' 
sputter etching, which removes contamination and the 
natural oxide film on the surface of semiconductor 
substrate 1. This film of natural oxide can be considered 
to be approximately 1-nm thick. 

[0059] 

As a result, the layer of metallic silicide (CoSi 2 
19a) which is formed has a smooth bottom and fewer 
irregularities, so the film's thickness becomes uniform. 
When, on the contrary, sputter etching is not carried out, 
the thickness of the silicide layer varies according to the 
amount of contamination or of natural oxide film on 
semiconductor substrate 1, which causes a rough surface at 
the bottom of the silicide layer, as shown in figure 14. 

[0060] 
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On the other hand, as was described earlier, the 
junction depth becomes shallower as the miniaturization of 
memory cells proceeds . 

[0061] 

Consequently, when the bottom of the layer of metallic 
silicide is uneven, part of the layer of metallic silicide 
may approach, or even penetrate, the junction, which causes 
current leakage. 

[0062] 

In particular, current leakage readily occurs in a 
semiconductor integrated circuit device that has a junction 
depth of approximately 50 to 150 nm, as is the case with 
this embodiment . 

[0063] 

This also decreases the yield in the fabrication of a 
semiconductor integrated circuit device, to be used for a 
battery-driven product, that has a critical value for 
standby current of 5 |JA or less. 

[0064] 

Figure 15 illustrates the case where there is 
excessive sputter etching. The surface of semiconductor 
substrate 1 is etched more deeply, soothe metallic silicide 
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layer approaches the junctions of the source/drain region: 
This increases the leakage current. 

[0065] 

Making a thinner layer of metallic silicide is one 
possible option for preventing an increase in the leakage 
current, but this, in turn, makes it difficult to obtain 
the required sheet resistance (5 to 12 Q/Q in this 
embodiment) . 


[0066] 

On the other hand, the layer of metallic silicide is 
also formed on the gate electrode where it plays the role 
of decreasing the resistance of the gate electrode. 
Therefore, when the layer of metallic silicide is made 
thinner, the agglomeration of metallic silicide occurs more 
readily and, as shown in Figure 14, region, in which no 
metallic silicide layer is formed, appears. in addition, a 
discontinuity of the layer of metallic silicide sometimes 
occurs, as is shown in figure 16. Figure 16 is a view of 
the top surface of the substrate after a thin metallic 
silicide layer has been formed. 

[0067] 

When a region With no metallic silicide layer or with 
a discontinuity appears, the resistance of the gate- 
electrode layer increases. This slows the operating speed. 
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As a result, it is not possible for the functions of the 
memory cell to be carried out within the required period of 
operation^ and this failure/ 

[0068] 

However, in this embodiment, a depth of 2.5 nm or less 
is etched away from the surface of semiconductor substrate 
1, the thickness of the layer of metallic silicide, (20 to 
40 nm in this embodiment) can thus be ensured, and this can 
prevent such discontinuities as are caused by the 
agglomeration of the layer of metallic silicide. 

[0069] 

In addition, in this embodiment, the surface of the 

gate electrode is also etched away to a depth of 2 . 5 nm or 

less at the same time (as^jthe surface of semiconductor 

substrate 1 is etched, so /it is possible to reduce the 

height of the steps due to the isolating element. This can 

prevent discontinuities (o£);the layer of metallic silicide. 

<\ 

That is, as shown in figure 17, which is [th%cross- 
sectional view jalong/ A — A of figure 16, a step appears as 
the so-called recess etc., at the end of isolation element 
2. When a gate electrode is formed on this step, step s is 
carried over on the gate electrode. The layer of metallic 
silicide is thinner on this step, so a discontinuity as 
described above is more easily generated. However, if 
sputter etching is carried out as in this embodiment, this 
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step is reduced. This can prevent the discontinuities of 
the metallic silicide layer. 

[0070] 

In addition, with this embodiment, contamination and 
the natural film of oxide (film) can be removed from the 
surface of the gate electrode. The quality of the metallic 
silicide layer can be improved and a uniform film can be 
formed . 

[0071] 

In this embodiment, as the thickness of the layer of 
the metallic silicide layer on the gate electrode thus can 
be ensured, and discontinuities of the metallic silicide 
layer can be prevented, the yield of products can be 
improved . 

[0072] 

In the process as described to this point, the n- 
channel MISFET Qdl that is a constituent of memory cell MC 
has been completed. As described above, the other n~- 
channel MISFETs (Qtl, Qt2 , Cgl, and Qd2 ) ar| ^ ormed b ^ 
following the same steps, so /the description/is omitted. 
The steps by which the p-channel MISFETs (Qpl and Qp2 ) are 
made are the same, except for the differences in the types 
of conduction in the semiconductor regions (n"-type 
semiconductor region and n*-type semiconductor region) 
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which must be formed on n-type well [4j, so we also omit this 
description. 

[0073] 

A- # o, 

K first layer of wiring Ml and^second layer of wiring M2 
are then formed on the MISFET via an interlayer insulating 
film, however, the steps in their fabrication and their 
configuration are omitted. 

[0074] 

The ^invention [by this inventor) has been^^oncret'el^/ 
described above on the basis of an embodiment. This 
invention is not restricted to (disembodiment ; A various 
modifications are possible without deviating from the 
essential points of this invention. In particular, an SRAM 
memory cell has been used as an example in describing this 
embodiment. The forms of this embodiment are not limited 
to an SRAM memory cell; rather, it is widely applicable to 
semiconductor integrated circuit devices with low power 
consumption, that are battery-driven, or for which 
miniaturization is proceeding. In addition, a CoSi 2 layer 
was formed by using a film of Co in this embodiment, 
however, the metallic silicide layer can be formed by using 
a film of some -other metal. For example, a TiSi layer can 
be formed by using a film of Ti . 

[0075] 
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Typical advantages obtained from the invention 
disclosed in this application are briefly described in the 
following paragraphs. 

[0076] 

With this invention, a depth of 2.5 nm or less is 
etched away from the surface of semiconductor substrate 1 
(source/drain regions) and a^Co film is then deposited to 
form CoSi 2 layer 19a, so that X standby current can be 
reduced. This can improve the yield of products. 

[0077] 

Furthermore, a depth of 2 . 5 nm or less is also etched 
away from the surface of the gate electrode and a film of 
Co is deposited to form CoSi 2 layer 19a, so that 
discontinuities in the layer of metallic silicide on the 
gate electrode can be prevented. This improves the yield 
of products. 


- 30 - 


^abstract} op D\Sccoyo^zr 

(To provide^, high-performance" semiconductor integrated 

circuit jln_whi c g > the standby current is reduced by 

preventing current leakage in a semiconductor integrated 

circuit device, for example, the memory cell of an SRAM 

CT — : — — 

§ ate electrode G is formed on semiconductor substrate 1 

and n -type semiconductor regions 17 (source/drain regions) 

are formed in the semiconductor substrate on both sides of 

this gate electrode. Within the same apparatus and under 

near-vacuum conditions, a depth of 2.5 nm or less is etched 

away from the surfaces of the source/drain regions and gate 

electrode, a film of Co is then formed on the source/drain 

regions, and thermal processing is applied to form CoSi 2 

layer 19a. As a result, current leakage in the memory cell 

can be prevented and this method can be applied to 

semiconductor integrated circuit devices that have low 

current consumption or are battery-driven. 
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